The purpose of this study was to carry out a program of Cognitive Behavioral Therapy (CBT) based on the pain sustainment/exacerbation model for tensiontype headache (TTH) patients and to examine the effectiveness as a pilot study. The participants were 4 TTH patients who consulted the outpatient clinic of a university hospital. It consisted of 4 individualized sessions as CBT program (including psychological education, selfmonitoring, relaxation technique, cognitive restricting and exposure), and a followup examination was carried out 1 month after its completion. The sessions, each of which was 60 minutes long, were executed at weekly intervals. As a result, the score of the Pain Catastrophizing Scale (PCS) decreased after program compared with before program in all patients. The score of escape/avoidance was also reduced at the postprogram and followup (1 month later) compared with the score of preprogram in patients except Case 2, in whom the score was 0 throughout the study. The degree of the Headache Impact Test (HIT -6) improved by program and changed to "mild" or "none" in all participants. These findings show that in patients with TTH this short CBT program has effect on pain catastrophizing, escape/avoidance and daily disability.
INTRODUCTION
Tensiontype headache (TTH) has some characteristics such as bilateral location, pressing or tightening quality, and mild or moderate intensity 1) . Also, TTH is a typical psychosomatic disease 2) and a high percentage (about 22%) of the general population fulfills the diagnostic criteria of TTH 3, 4) . It is necessary for TTH patients to receive the psychosomatic treatment, including the nonpharmacologic therapy, to improve painrelated daily disabilities 5) . Motoya et al. 6, 7) formulated a pain sustainment/ exacerbation model concerning patients with TTH ( Fig. 1 ), carried out a program of Cognitive Behavioral Therapy (CBT), and showed that the program may be effective for mitigating impairment of daily activities. This model, which is called "fearavoidance model" and advocated in chronic pain patients such as low back pain, is the model of the pain chronicity on the cognitive behavioral theory. In this model, pain catastrophizing and escape/avoidance behavior have a negative impact on daily disabilities and cause persisting pain 8, 9) . Pain catastrophizing means a negative cognitive response for pain such Corresponding author : Ryo Motoya Email : motoyan@fmu.ac.jp https://www.jstage.jst.go.jp/browse/fms http://www.fmu.ac.jp/home/lib/Figaku/ 134 R. MOTOYA et al.
as helplessness and rumination 8, 9) . It is a major factor in the pain sustainment/exacerbation model and the strongest predictive power in making of the pain chronicity 10) . Escape/avoidance behavior is to avoid the behavior thought that the soreness is caused or the soreness becomes awful 9) . Although escape/ avoidance is an adaptive behavior in the acute pain 11) , it is a maladaptive coping in the chronic pain and leads making of the soreness chronic 12 -14) .
Intervention to reduce painassociated catastrophic thoughts and escape/avoidance behaviors in patients with chronic back and lumbar pain has been reported to be effective for alleviating clinical symptoms of pain and impairment of daily activities 15 -18) . Also, in consideration of the pain sustainment/exacerbation model derived from patients with TTH, a combination of interventions in painassociated catastrophic thoughts and escape/avoidance behaviors is expected to have a therapeutic effect on impairment of daily activities 6) . However, no study on the effect of a combination of interventions in catastrophic thoughts and escape/avoidance behaviors actually administered to patients on impairment of daily activities has been reported.
In this study, therefore, a program of CBT based on a pain sustainment/exacerbation model of TTH is actually carried out to validate its effects on pain sustaining/exacerbating factors. In addition to evaluating shortterm effects immediately after the end of the program, the duration of the effect of intervention is also evaluated by measuring the effect 1 month after the end of the program. The therapeutic effects are also evaluated specifically in patients who participated in the therapeutic program as a pilot study.
METHODS

Participants
The participants were 4 patients who consulted the outpatient clinic of Fukushima Medical University hospital primarily due to headache, and were diagnosed with TTH (based on the International Classification of Headache Disorders -II (ICHD -II) 19) ). Those who were suggested based on organic disorders, etc., to have secondary headache were excluded from the subjects. Case 1 (65 -yearold) and Case 3 (30 - yearold) are female, and Case 2 (68 -yearold) and Case 4 (23 -yearold) are male. Table 1 shows the characteristics of each patient according to the headache interview form. In the patients enrolled in this study, the duration of illness ranged from 1 to 20 years and was less than 5 years in 3 of the 4 patients. Concerning disorders related to the head, a history of cerebral infarction was present in 1 patient (Case 1), but the other 3 had no history. The score for fear of contracting (or recurrence of) head disorders was moderate (6) in 1 (Case 3) but was low in the remaining 3.
Contents of the program
It consisted of 4 individualized sessions, and a followup examination was carried out 1 month after its completion. The sessions, each of which was 60 minutes long, were executed at weekly intervals. A textbook containing the contents of the sessions, "How to wisely deal with headache", was prepared and used. Homework (HW) was assigned after each session, and the participants were asked to submit it at the next session. Fig. 1 . Pain sustainment/exacerbation model of TTH 5) Note TTH : tensiontype headache This model, which is called "fearavoidance model" and advocated in chronic pain patients such as low back pain, is the model of the pain chronicity on the cognitive behavioral theory. In this model, pain catastrophizing and escape/ avoidance behavior have a negative impact on daily disabilities and cause persisting pain. The objectives of Session 1 were to promote the understanding of clinical symptoms of headache and sustainment/exacerbation of pain, and to have the participants learn techniques to cope with their symptoms. Concerning the understanding of clinical symptoms of headache and sustainment/exacerbation of pain, the epidemiology and clinical characteristics of headache and typical cases of TTH were presented to help the participants understand their symptoms, and psychological education to promote understanding of the psychosomatic mechanism of sustainment/exacerbation was given. In addition, selfmonitoring using a headache diary was performed to have the participants followup changes in their clinical symptoms and identify and evaluate factors related to symptomatic changes. At the end of the session, the progressive relaxation technique was taught as a measure to cope with TTH.
(2) Session 2 (Week 2)
The objective of Session 2 was to modify the participants' catastrophic thoughts about pain. First, the entries of the headache diary and execution records of the relaxation technique assigned as HW were reviewed and fed back to check the changes in the clinical symptoms of headache that occurred during the past week and factors related to the symptoms and to evaluate perceived changes in the symptoms after practicing the relaxation technique and psychological and physical effects of the technique. Then, after reviewing the mechanism of sustainment/exacerbation of pain explained in Session 1, the relaxation technique was performed, followed by training to modify inappropriate perceptions about pain. Specifically, a situation that causes pain was presented, thoughts and feelings elicited by the situation were organized, and the relationships between clinical symptoms of headache and perceptions and emotions about pain were evaluated. The participants were also urged to write down various thoughts about pain in the diary.
(3) Session 3 (Week 3)
The objective of Session 3 was to modify catastrophic thoughts about pain similarly to Session 2. First, as in the previous session, the contents of HW were checked and fed back, the contents of Session 2 were reviewed, and the relaxation technique was performed. Then, in Session 3, the participants were taught methods to induce adaptive perceptions about pain and practiced them to understand that symptoms of headache and mood change with changes in perceptions about pain using the patients' actual situations of headache.
(4) Session 4 (Week 4)
The objective of Session 4 was to modify escape/avoidance behaviors. After the contents of HW were checked and fed back, practice to modify escape/avoidance behaviors was performed. Specifically, how escape/avoidance behaviors are related to the sustainment/exacerbation of pain and how escape/avoidance behaviors can be corrected were explained using examples mentioned in the textbook, and exposure was carried out by presenting the actual escape/avoidance behaviors of the patients themselves. In exposure, the participants reported that fear of activities that cause pain decreases with time if they do not avoid them and confirmed that fear is mitigated, and the time until the mitigation of fear is shortened, by repeatedly performing the actions that they have avoided. frequency) (2) Pain Catastrophizing Scale (PCS) 21) This is a scale to measure catastrophic thoughts about pain consisting of 5 -point scales with 13 items (score range : 0 -52).
Measures
(3) Pain Anxiety Symptoms Scale -20 (PASS -20) 22) This is a scale to measure fear of pain consisting of 6 -point scales with 20 items. In this study only "escape/avoidance behaviors", a subscale of the PASS -20, was used for the analysis (score range : 0 -25). (4) Headache Impact Test -6 (HIT -6) 23) This is a scale to measure the severity of impairment of daily activities due to chronic headache consisting of 5 -point scales with 6 items (score range 36 -78). The severity of headache related daily disabilities according to the HIT -6 score based on the report by Sakai et al. 23) was "none" (≤49), "mild" (50 -54), "moderate" (55 -59) and "severe" (≥60). 24) This is a scale to measure anxiety and depression in patients with physical symptoms consisting of 7 items each concerning anxiety and depression. In this study, only 7 items related to depression were used (score range : 0 -21).
(5) Hospital Anxiety and Depression Scale (HADS)
Ethical consideration
In executing this study, the attending physician and clinical psychologist orally explained the study according to the contents of the study enrollment form. The consent form specifically described the withdrawal of the consent, medical use of the information, protection of personal information, etc., in addition to the investigation items.
This interventional study was carried out after evaluation and approval by the ethical review board. Fig. 2 and 3 show the changes in the scores of the PCS and escape/avoidance behaviors of the PASS -20 in the participants. The score of the PCS decreased after Session 4 compared with before Session 1 in all patients. At the followup 1 month after the end of the program, the score was slightly increased compared with that immediately after the program in 1 but decreased further or remained the same in the other 3. The score of escape/avoidance behaviors of the PASS -20 was reduced at the followup compared with the score before Session 1 in 3 patients except 1 (Case 2), in whom the score was 0 throughout the study. Fig. 4 shows changes in the total HIT -6 score. It decreased after compared with before the program in all patients. The degree of impairment of daily activities changed from "mild" to "none" in 2 (Cases 1 and 2) and from "severe" to "none" in 1 (Case 4), resulting in alleviation to "none" in all but Case 3, in whom the impairment remained "severe" despite a decrease in the score.
RESULTS
Changes in catastrophic thoughts about pain and escape/avoidance behaviors
Degree of impairment of daily activities
Concerning changes in the HIT -6 score from after the program until the followup, it decreased in 2 and remained the same in 2, and the level of impairment of daily activities at the followup was "none" in 3 and "mild" in 1. Table 2 shows changes in clinical symptoms of headache (frequency and intensity), controllability of headache, medications and the HADS score.
Clinical symptoms of headache, controllability, medications, and depression
The frequency of headache decreased after compared with before the program in 3 and remained reduced at the followup in 2 of them. In 1 of the 3 patients who showed a decrease at the end of the program, the frequency was increased at the follow - Fig. 2 . Changes in the PCS Note PCS : Pain Catastrophizing Scale Fig. 3 . Changes in the escape/avoidance 137 EFFECTIVENESS OF CBT IN TTH PATIENTS up but was lower than the level before the program. The frequency showed no change from before the program to the followup in 1. The intensity of headache was reduced after the program or at the followup compared with before the program in all patients, and no temporary increase was noted at the end of the program in any patient.
The controllability of pain improved in all patients after compared with before the program. At the followup, the score decreased slightly compared with immediately after the program in 1 but was 6 or higher in all patients, indicating that pain was moderately or highly controllable.
The state of no medication was maintained both at the end of the program and followup in 2 (Cases 2 and 4), who were not medicated before the program. In the 2 patients who were medicated before the program, the frequency of medication was reduced in both. The medication rate became 0% after the program and remained 0% until the followup in 1 (Case 1), and the medication rate at the end of the program remained unchanged until the followup in the other.
The depression score of the HADS decreased after the program and at the followup compared with before the program or remained unchanged, and a state of "no depression" was maintained in all 4 patients.
DISCUSSION
This study was carried out to evaluate the effectiveness of a program of CBT based on the pain sustainment/exacerbation model of TTH. The results showed that catastrophic thoughts and escape/ avoidance behaviors associated with pain were reduced in patients with TTH by this program, which focused on mitigation of these symptoms. The degree of impairment of daily activities on the HIT -6 score improved to "none" in 3 of the 4 patients and to "mild" in 1. At the followup, impairment of daily activities remained alleviated, and catastrophic thoughts and escape/avoidance behaviors showed no marked exacerbation, remaining lower than the level before the program. These results were the same as the previous study intended for the chronic pain with the waist and the back 15 -18) . Also, a medical practice meaning of this short program is large in the point to have suggested effectiveness in severe patients with TTH such as Case 3 or Case 4.
Moreover, the controllability of pain improved to a moderate or higher level in all 4 patients through this program. Helplessness leads the decrease at the activity level and an increase in the psychological distress 25) , and selfefficacy for pain management related to clinical symptoms of pain 26) . So we can guess that an increase of the pain controllability relates to the improvement of painrelated cognitions, behaviors and daily disabilities. Concerning analgesic medication, the 2 patients did not use analgesics after as well as before the program, and those who used analgesics before the program showed decreases in the medication rate. After Fig. 4 . Changes in the HIT -6
Note HIT -6 : Headache Impact Test -6 this program, participants might be flexible their cognitions for pain. Therefore, they could learn the adaptive coping for pain instead of analgesic when the soreness was caused or the soreness became awful. Concerning individual patients, Case 1 showed marked decreases in the scores of the PCS, escape/ avoidance behaviors and the HIT -6. So, this program is considered to have been effective for reducing catastrophic thoughts, escape/avoidance and daily disability associated with headache in Case 1. Case 1 had a 20 -year history of TTH, but the results of this study suggest that catastrophic thoughts and escape/avoidance behaviors may be reduced, and the degree of impairment of daily activities mitigated, by this program even in patients with a long history of TTH.
In Case 2, the PCS score decreased through the program, but the score of escape/avoidance behaviors of PASS -20 was originally 0, indicating no escape/avoidance behaviors, and did not increase after the program. Concerning the degree of impairment of daily activities, the HIT -6 score decreased through the program as in Case 1, and the scores at the end of the program and at the followup both corresponded to "none". Therefore, in Case 2, only catastrophic thoughts were reduced by the program, leading to alleviation of impairment of daily activities, and escape/avoidance behaviors did not appear to have affected daily activities. Also, at the followup, the scores of PCS and escape/avoidance behaviors of the PASS -20 were 0, and the HIT -6 score was 36, which is the minimum score, with complete disappearance of headache after the program (2 before the program → 0 at the end of the program and at the followup), indicating resolution of both psychological and physical distresses associated with headache. Studies of chronic low back pain and fibromyalgia syndrome reported that excessive activities that markedly burden the site of injury as well as escape/avoidance behaviors are important as variables related to impairment of daily activities due to low back pain 27 -29) . Some patients with chronic pain allow pain to linger due to an uneven activity pace, e.g., temporary overwork mixed with strong escape/avoidance behaviors 26) . Therefore, in TTH, also, it is considered necessary to evaluate the sustainment/exacerbation of pain due to disturbance of the activity pace including temporary overwork rather than the level of escape/avoidance behaviors alone.
In Case 3, while the scores of the PCS, escape/ avoidance and the HIT -6 improved at the end of compared with before the program, the improvements were unsatisfactory, but they were improved markedly at the followup. Also, impairment of daily activities, which was severe both at the beginning and end of the program, was alleviated to "mild" at the followup. Case 3 characteristically showed severe clinical symptoms of headache, "severe" impairment of daily activities before the program, and marked fear of contracting or the recurrence of head disorders. However, Case 4, who also had severe clinical symptoms of headache and "severe" impairment of daily activities before the program, showed decreases in the scores of the PCS, escape/avoidance behaviors of the PASS -20 and HIT -6 after the program, with alteration of inappropriate perceptions and behavior associated with pain, and impairment of daily activities was alleviated to the "mild" level, at the end of the program. Therefore, one of the causes of the unsatisfactory improvement at the end of the program in Case 3 is considered to have been a strong fear of head disorders. Thus, if a patient is preoccupied with fear of head disorders, it may interfere with modification of catastrophic thoughts or escape/avoidance behaviors, and the degree of impairment of daily activities remains high, in a shortterm (4 -week) program. Case 3 had a history of hospitalization due to viral meningitis and experienced repeated headache as an accessory symptom. In the present illness, the patient worried about the recurrence of viral meningitis, and the higher level of fear of head diseases of this patient compared with the other 3 may be related to this history of viral meningitis. Since this suggests the presence of factors interfering with the control of sustainment/ exacerbation of pain, it may be necessary, in patients who show no effect after the program or at the followup, to recheck their background and add sessions with contents more appropriate for their condition to the program performed in this study.
There are two limitations in the present study. The first point is to say four cases as a pilot study. It is necessary to increase participants, to set the control group and to make comparative study of the effect. The second is to be able to pursue only one month. TTH is easy to relapse and make chronic 30) . So, it is necessary to examine the effect after six months and 1 year. Moreover, it is important to clarify the feature between the patient not maintained with the one to whom the effect of the program was maintained.
